We show geometrical properties of a submanifold of a LCS n -manifold. The properties of the induced structures on such a submanifold are also studied.
Introduction
The geometry of manifolds endowed with geometrical structures has been intensively studied, and several important results have been published. In this paper, we deal with manifolds having a Lorentzian concircular structure LCS n -manifold 1-3 see Section 2 for detail .
The study of the Lorentzian almost paracontact manifold was initiated by Matsumoto in 4 . Later on, several authors studied the Lorentzian almost paracontact manifolds and their different classes including 1, 4, 5 . Recently, the notion of the Lorentzian concircular structure manifolds was introduced in briefly LCS -manifolds with an example, which generalizes the notion of the LP-Sasakian manifolds introduced by Matsumoto in 4 .
Papers related to this issue are very few in the literature so far. But the geometry of submanifolds of a LCS -manifold is rich and interesting. So, in the present paper we introduce the concept of submanifolds of a LCS -manifold and investigate the fundamental properties of such submanifolds. We obtain the necessary and sufficient conditions for a submanifold of LCS -manifold to be invariant. In this case, the induced structures on submanifold by the structure on ambient space are classified. I think that the results will contribute to geometry.
g X, P
A X , 2.1
for any X ∈ Γ T M , is said to be a concircular vector field if
where α is a nonzero scalar and ω is a closed 1-form and ∇ denotes the operator of covariant differentiation with respect to the Lorentzian metric g.
Let M be an n-dimensional Lorentzian manifold admitting a unit time-like concircular vector field ξ, called the characteristic vector field of the manifold. Then, we have
Since ξ is a unit concircular vector field, it follows that there exists a nonzero 1-form η such that, for
the equation of the following form holds:
for all vector fields X, Y , where ∇ denotes the operator of covariant differentiation with respect to the Lorentzian metric g and α is a nonzero scalar function satisfying
ρ being a certain scalar function given by ρ − ξα . If we put
then from 2.5 and 2.7 we have φX X η X ξ, 2.8
International Journal of Mathematics and Mathematical Sciences 3 from which, it follows that φ is a symmetric 1,1 tensor and called the structure tensor of the manifold. Thus, the Lorentzian manifold M together with the unit time-like concircular vector field ξ, its associated 1-form η, and an 1,1 tensor field φ is said to be a Lorentzian concircular structure manifold briefly, LCS n -manifold . Especially, if we take α 1, then we can obtain the LP-Sasakian structure of Matsumoto 4 . In a LCS n -manifold n > 2 , the following relations hold:
Submanifolds of a (LCS)-Manifold
Let M be an isometrically immersed submanifold of a LCS n -manifold M with induced metric g; we define the isometric immersion by i : M → M and denote by B the differential of i.
We denote the tangent and normal spaces of
For any X ∈ Γ TM , we can write 
that is, λ ik is symmetric and
Here, we note that the induced 1-1 -tensor field ψ is also symmetric because φ is symmetric. Next, we will the following Lemmas for later use.
Lemma 3.1. Let M be an isometrically immersed submanifold of a LCS -manifold M.
Then, the following assertions are true:
where μ denotes the induced 1-form on M by η on M and given by μ X g X, V η BX .
Proof. For any X ∈ Γ TM , by using 2.10 , 3.1 , and 3.2 , we have
3.9
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3.10
From the tangential components of 3.10 , we conclude that 
Proof. Making use of φξ 0 and 3.3 , we have 
3.20
From the tangential and normal components of this last equation, respectively, we get
Again, taking into account that ξ is time-like vector and 3. 
3.23
This proves our assertions. 
Proof. The proof is obvious. Therefore, we omit it. 
